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ARRANGEMENT IN THE VENTILATION OF A KITCHEN APPLIANCE 

The present invention relates to an arrangement in the ventila- 
tion of a kitchen appliance, which arrangement is arranged to 
5 be connected to a ventilation system, and which arrangement 
includes 

- at least one hood, which is intended to be installed above 
the kitchen appliance, 

- an exhaust-air connection in each hood, for connecting the 
10 hood to the exhaust-air duct belonging to the ventilation 

system, and 

- a separator, for separating grease form the exhaust air. 

In food preparation, rape-seed, olive, soya, maize, and 

15 sunflower oils, for example, are used. The greatest emissions 
are caused by deep-frying and especially by grilling. For 
example, when making hamburgers with a gas grill, about two 
thousand grammes of vapour are created for each hundred 
kilograms of food. At the same time about three thousands 

20 grammes of particles are created. The biggest of the grease 
particles created in food preparation can be separated using a 
mechanical separator. However, a large proportion of the grease 
leaving during food preparation is in the form of vapour. Due 
to the large number of grease emissions, it is important to 

25 clean the exhaust-air duct to ensure fire safety. For example, 
in the kitchens of hotels and restaurants, in which large 
amounts of food are prepared, the dirtying of ventilation ducts 
is a significant problem. Some of the vaporized grease collects 
in the exhaust-air duct after the separator, where it is 

30 difficult to remove. The dirtying is further exacerbated by 
separators and filters that are unsuitable for the application, 
or wrongly installed or operated. In some cases, the separator 
is entirely omitted. In practice, grease accumulations even 
more than 25-mm thick have been found in exhaust air ducts. In 

35 the case of continuous operation, cleaning is recommended three 
times a year, or preferably even more frequently. In problem 
cases, the exhaust-air ducts dirty even more rapidly and, in 
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addition, cleaning is difficult, especially if the grease has 
been able to spread over a long distance. The problem is 
worsened by making the ventilation ducts, and particularly the 
exhaust-air ducts from spiral-seam pipes, which can leak grease 
5 into the structures below them. 

In principle, the ideal situation would be to remove the grease 
and other particles from the exhaust air, in order to prevent 
the dirtying of the ventilation ducts. This would improve fire 

10 safety and reduce local dirtying of the outdoor air. Thus, for 
example, an exhaust-air hood is usually fitted above kitchen 
appliances, to separate especially grease and other impurities 
from the exhaust air. The hood is intended to prevent the 
impurities, heat, and moisture arising from the food prepara- 

15 tion process from spreading into the working zone. The air is 
generally exhausted through a separator in the hood, which is 
intended to prevent the grease particles from travelling into 
the exhaust duct. The kitchen appliance is, for example, a 
kitchen stove, a deep-fat fryer, or a grill. Usually, the hood 

20 is thus connected to a normal exhaust-air duct. One known hood 
has a separator set at a slant, through which the exhaust air 
is led. In addition, replacement air nozzles are often con- 
nected to the hood, through which cold intake air is led, which 
also cools the hood. The intake air can also be used to guide 

25 the dirty air towards the separator. The intake air is also 
used to cool the separator, which is thus also intended to 
condense the grease in the exhaust air, in order to remove it. 
There can also be a washing-fluid spray in the separator, which 
is used to remove the impurities from the surface of the grease 

30 separator. 

Existing separators are designed to remove mainly grease that 
is in a solid form. However, up to 60 - 70 % of the grease 
emissions from kitchen appliances are in the form of vapour. 
35 The grease in the form of vapour passes through the separators 
and most of the grease solidifies only once it reaches the 
ventilation duct, where it collects. Even if the separators 
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presently in use could remove all the particles in solid form f 
their grease-separation ability would be at most 30 - 40 % of 
the total amount of grease. In addition, the effect of existing 
separators drops rapidly as the size of the particles de- 
5 creases. 

In practice however, the hood and the separator clearly heat 
up, despite the replacement air, thus preventing, or at least 
clearly reducing the condensation of the grease. The greasy air 

10 then travels farther into the exhaust-air duct, where the 
grease finally condenses. In practice, the entire exhaust-air 
duct becomes dirty and the grease may spread to the structure, 
which considerably increases the fire load. The grease also 
blocks possible noise attenuators and may spread through the 

15 fan to the roof of the building and from there to the environ- 
ment. The problem is further aggravated by the hood being 
installed close to the kitchen appliance and the continuous 
operation of the kitchen appliance, so that the hood and 
separator remain hot (60 - 70°) the whole time. Known separa- 

20 tors are generally too small relative to the amount of air. In 
addition, a separate hood containing a separator must be 
installed for each kitchen appliance, which increases the 
purchase and operating costs. 

25 The invention is intended to create a new type of arrangement 
in the ventilation of a kitchen appliance, which is simpler and 
more effective than previously and which can be used to avoid 
the drawbacks of the prior art. The characteristic features of 
the arrangement according to the invention are stated in the 

30 accompanying Claims. In the arrangement according to the 
invention, the separator ±s located in a new and surprising 
manner. In addition, grease and particles are separated from 
the exhaust air more effectively than previously. Now the 
grease in the form of vapour is also separated. In addition to 

35 the effective separation ability, a simpler hood than before 
can be used, which among other things facilitates the position- 
ing of kitchen appliances. On the other hand, the arrangement 
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can also be fitted in connection with existing hoods, so that 
problem locations can be easily eliminated. The effect of the 
arrangement can also be easily increased as required, in order 
to create a suitable arrangement for each application. 

5 

In the following, the invention is examined in detail with 
reference to the accompanying drawings showing some embodiments 
of the invention, in which 

10 Figure 1 shows a schematic diagram of the operation of the 
arrangement according to the invention, 
Figure 2 shows a cross-section of part of the arrangement, 
Figure 3 shows a schematic diagram of a second embodiment of 
the arrangement according to the invention, 
15 Figure 4 shows a schematic diagram of a third embodiment of the 
arrangement according to the invention. 

The figures show schematic diagrams of the arrangement accord- 
ing to the invention in the ventilation of a kitchen appliance. 

20 In practice, the arrangement forms part of the ventilation 
system, to which the arrangement is designed to be connected. 
The ventilation system includes at least an exhaust-air duct, 
in which there is suitable machinery for creating a sufficient 
airflow. The ventilation system may also include mechanical 

25 intake air blowing, which can be exploited in the arrangement 
according to the invention. The figures show only part of the 
ventilation system, the construction of which can vary in 
different applications. 

30 The arrangement includes at least one hood 10, which is 
intended to be installed above a kitchen appliance 11. The hood 
is used, among other things, to prevent grease emissions from 
spreading into the surroundings of the kitchen appliance. In 
addition, the hood 10 has an exhaust-air connection 27, for 

35 connecting the hood 10 to an exhaust-air duct 12 forming part 
of the ventilation system. Thus, a continuous suction is 
created into the hood. The arrangement further includes a 
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separator 15, particularly for separating grease from the 
exhaust air. At the same time, other impurities are also 
separated, so that the exhaust air is as clean as possible 
after the separator. The same reference numbers are used for 
5 parts that are functionally similar. 

The arrangement according to the invention further includes a 
cell 14 arranged after the hood 10. In addition, the cell 14 is 
separate from the hood 10 and the separator 15 is fitted to it. 

10 The cell 14 is also connected to the exhaust-air duct 12. In 
other words, the cell 14 is a component in the ventilation 
system, between the hood 10 and the exhaust-air duct 12. The 
arrangement in question is used to avoid the disadvantageous 
heating of the separator and the reduction in separation 

15 ability. In addition, if required a suitable motion is intro- 
duced to the exhaust air, which promotes the separation of the 
vaporous grease. According to the invention, the separate cell 
is used to limit the area in which the grease condenses. This 
avoids the dirtying of the exhaust-air ducts. Conditions 

20 favouring the separation of the grease can also be created in 
the cell, which is difficult using the prior art, and often 
indeed impossible. 

The cell 14 according to the invention is an elongated struc- 
25 ture, with the separator 15 fitted to one end of it. It is then 
possible to maximize the time used to separate the grease, 
without unnecessary pressure losses. The cell 14 also includes 
a connection 26 for leading the exhaust air from the hood 10 to 
the cell 14. In practice, the connection is connected to the 
30 part of the exhaust-air duct that comes from the hood. Accord- 
ing to the invention, the connection is fitted to the opposite 
end of the cell 14 to the separator 15. The use of this 
arrangement permits the most effective exploitation of the 
entire length of the cell 14. In Figure 1, the cell 14 is 
35 installed below the ceiling 24. In addition, the distance 
between the hood 10 and the cell 14 can vary in different 
applications. 
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Usually/ the hood is installed on the ceiling above the kitchen 
appliance. The elongated cell according to the invention can be 
easily fitted essentially horizontally relative to its longitu- 
dinal axis. This reduces the installation space required in the 
5 height direction and facilitates the collection of grease. It 
is also easy to support the cell horizontally. 

In certain cases, the grease is separated using only the 
separator fitted to the cell. In order to ensure separation, or 

10 the increase the effect of the arrangement, an intake-air 
connection 25 can be fitted to the cell 14. The intake-air 
connection 25 is connected, for example, to the intake-air duct 
13 belonging to the ventilation system, in order to lead intake 
air to the cell 14 . Using intake air, it is easy to reduce the 

15 temperature of the exhaust air, which will further increase the 
effect of the separator and promote the formation of droplets 
of vaporized grease. If it is given a suitable direction, the 
intake airflow will also favourably alter the flow of exhaust 
air in the cell, which will, for its part, accelerate the 

20 condensation of the grease. Figures 2-4 show a distribution 
duct 23 belonging to the cell 14, through which the intake air 
is fed into the exhaust air. The arrows show the flow of the 
intake air from the distribution duct 23. Figure 2 shows 
additionally nozzle elements 21 connected to the distribution 

25 duct 23, so that the intake air can, for example, be directed 
and boosted, in order to increase the efficiency of the mixing. 
The intake air can even be fed counter to the flow of the 
exhaust air (Figures 3 and 4) . 

30 Instead of an intake-air duct, it is also possible to use a 
separate duct, through which outdoor air, for example, is led 
to the cell. The operation of the ventilation system will then 
remain undisturbed and the operating costs as low as possible. 
According to the Invention, means for regulating the velocity, 

35 quantity, and/or temperature of the intake air as desired in 
the cell 14, can be fitted in connection with the intake-air 
connection 25. In this case, the means in question include a 
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heat exchanger 17, a temperature sensor 18, a motor 19, and a 
damper 20. Thus, the intake air is used to create advantageous 
vortices in the exhaust air, which accelerates the cooling of 
the exhaust air and the formation of droplets. Various baffle 
5 elements can also be used to guide the flow. In Figure 4, the 
baffle elements 28 are used to guide the exhaust air to the 
walls of the cell 14 already before the separator 15, which 
accelerates the separation of the grease. The grease condensing 
on the walls and the separator flows down by gravity into 
10 grease cups 16. 

If necessary, intake-air cooling is also used with a suitable 
heat exchanger 17. In this case, there is additionally a heat 
sensor 18 in the cell 14, on the basis of which the quantity of 

15 intake air is regulated by altering, for example, the speed of 
rotation of the motor 18, or the position of the damper 20. 
Other sensors too, such as flow-velocity sensors, can also be 
used to control the quantity of intake air. Beneath the 
separator 15 there is also a grease cup 16, into which the 

20 condensed grease and other impurities flow. Drainage 29 can 
also be connected to the grease cup 16, so that the grease will 
leave the cell automatically 14 (Figure 4) . 

The exhaust air can also be cooled, for example, using a water 
25 mist. For this purpose, there are washing elements 31 in the 
cell for distributing washing liquid to the separator 15 and/or 
the exhaust air. In the embodiment of Figure 4, the washing 
liquid used is water and the washing elements are advanta- 
geously arranged as a separate totality before the actual cell. 
30 Thus, it is possible to event retrofit washing elements to the 
cell. For example, the water mist effectively binds the 
vaporous grease and at the same time reduces the temperature of 
the exhaust air. In the embodiments of Figures 3 and 4, a pre- 
separator 30, which is used to remove the large particles from 
35 the exhaust air, is fitted to the hood 10. 
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The cell is dimensioned case-specifically and various possibil- 
ities to improve the separation efficiency are described above. 
The width of the cell is generally 1,1 - 2,0, preferably 1,2 - 
1,8 times that of the connection. The width of the cell is thus 
5 preferably larger than the diameter of the exhaust-air duct, in 
which case the velocity of the air will drop when it reaches 
the cell, which will facilitate condensation. The velocity can 
be further decreased by making the cell so that it widens. For 
example, the velocity of the airflow when it leaves the hood 

10 can be 8 m/s. Thanks to the cell according to the invention, 
the velocity can be made to drop, for example, to a value of 3 
- 4 m/s . The cell can also be arranged to be in several parts 
(Figures 2 and 4) . This will make the installation and mainte- 
nance of the cell easy. In practice, a cell that is wider than 

15 the ventilation duct forms a mixing chamber, in which the 
exhaust air and the intake air are mixed to effectively 
separate the grease. Other ways too of shaping the cell will 
lead to a reduction in the air velocity, which will improve the 
separation efficiency. 

20 

The mixing of the airflows and the reduction of the flow 
velocity requires a certain amount of time. Thus, the length of 
the cell according to the invention is 2 - 6 times, preferably 
3-5 times the width of the cell. The size of the cell will 

25 then remain reasonable while still, however, maintaining a 
sufficient separation effect. For example, the length of a cell 
according to the invention, connected to a 200 - 300-mm- 
diameter exhaust-air duct, would be about 2000 mm. Correspond- 
ingly, the height of the cell would be about 600 mm and its 

30 width 800 mm. In practice, the cell is dimensioned mainly 
according to the exhaust-air duct. Preferably the length and 
width of the cell are varied. Thus the height of the cell will 
remain sufficiently small from the point of view of installa- 
tion. A. sufficient delay time can also be achieved by arranging 

35 the cut>ic capacity of the cell 14 to be at least 10 % of the 
minute volume of the exhaust airflow. 
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The cell is preferably a sheet-structured box, being thus light 
and easily also installed later. It is also easy to create the 
distribution duct described above to a sheet-structured box. 
This cell can also be opened and the separator removed for 
5 cleaning. Figure 2 shows one ready-to-install cell, which is, 
in addition, completely surrounded by insulation 22. Several 
hoods can be connected to a single cell, but it is also 
possible to arrange a cell for each hood and kitchen appliance. 
The size of the cell will then remain reasonable and its 
10 operation can be adapted according to the kitchen appliance in 
question. 

The consolidation of vapour molecules in a medium on the 
surface of an already existing particle is termed condensation. 

15 For example, condensation is accelerated by a drop in tempera- 
ture and spraying with water. The particles may also adhere to 
various surfaces and thus separate from the actual group of 
particles, which is termed deposition. In practice, through 
condensation the most significant part of the mass transform 

20 from a gaseous phase to a particulate phase, even if a consid- 
erable part of the grease and especially the particles adhere 
to the walls of the cell too. For example, the average size of 
a droplet of vegetable oil is 30 - 100 run. 

25 In practice, the vapour leaving a kitchen appliance contains 
not only grease, but also other compounds, for example, 
polycyclic aromatic hydrocarbons, aromatic amines, and nitro 
compounds, as well as particles coming from the food. In other 
words, especially in connection with frying, noxious and 

30 carcinogenic compounds appear in the air. Thus a correctly 
operating hood and separator are very important to the health 
of the kitchen staff too. According to the invention, the term 
grease refers to the substance that arises in food making and 
which exits along with the exhaust air. 

35 

The use of the cell according to the invention creates effec- 
tive condensation, when most of the vaporous grease emissions 
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are separated from the exhaust air and collected in a con- 
trolled manner. This avoids the dirtying of the exhaust-air 
duct and the risks and costs that this leads to. In addition, 
the effect of the arrangement can be regulated and a suitable 
5 combination selected for each purpose. In terms of grease 
separation, a kitchen appliance is a difficult object, due to 
its heat. On the other hand, the warm exhaust air can also be 
exploited, provided it is first of all made sufficiently clean 
with the aid of the arrangement. After the cell, even a heat 
10 exchanger can be installed in the exhaust-air duct, so that the 
thermal energy bound to the exhaust air can be exploited, which 
is presently impossible. 

The table on the following page shows a collection of the 

15 various phenomena that take place in the air processing, which 
affect the particle content and the separation of the particles 
in the arrangement according to the invention. Each processing 
process is examined separately in the case of five different 
phenomena. Each phenomenon is marked with a + or a - to show 

20 the effect of the processing on the phenomenon in question. If 
the effect on the separation of particles is favourable, the + 
sign is used. It can be easily seen from the table that, in 
addition to cooling, particularly mixing and humidif ication 
have an advantageous effect on the separation of particles. 

25 These processing processes are implemented in the arrangement 
according to the invention. Thanks to the cell, air can be 
mixed with the exhaust air, so that the temperature drops. 
Humidif ication can be used to further decrease the temperature, 
while simultaneously increasing the separation of the parti- 

30 cles. 
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Air processing 


Nucleation 

= formation of 
particles from 
saturated 
vapour 
- size class 
0,0004 - 1 urn 


Condensation 
= consolidation 
of vapour mole- 
cules on 
surfaces 

- size class 0,08 

- 2 urn 


Evaporation 
= vapour mole- 
cules evaporated 
from surfaces 
- size class 0,08 - 2 
urn 


Deposition 
= removal of parti- 
cles from particle 
group by striking 
surfaces 

- size class > 1 um 


Coagulation 
= particles collide 
with each other to 
create larger parti- 
cles 

- size class 0,08 - 
2 um 


Heating 


+ 

Increases 
motion espe- 
cially of small 
particles, in- 
creasing nucle- 
ation 


Consolidation of 
water and grea- 
se vapour on 
particle surfaces 
reduces 


+ 

When air meets a 
warm surface, 
evaporated com- 
pounds are moved 
from the heater 
along with the air- 
flow 


As large particles 
decrease, deposi- 
tion on sunraces 
decreases I 


+ 

Increases the mo- 
tion especially of 
smaii pamcies, 
making coagula- 
tion more effective 


Cooling 


Reduces the 
motion espe- 
cially of small 
pamcicb, weak- 
ening nucle- 
ation 


+ 

Consolidation of 
water and grea- 
se vapour on 

increases 


Evaporation insig- 
nificant 


+ 

As large particles 
increase, deposi- 
tion on surfaces 
increases 


Reduces the mo- 
tion especially of 
small particles, 
weakenina coaau- 
lation 


Humidification 


+ 

As number of 
water molecules 
increase, nucle- 
ation increases 


+ 

Particles grow, 
as water consol- 
idates on their 
surface > gas 
phase com- 
pounds change 
to particle phase 


During humidifi- 
cation, particles 
grow more than 
compounds evap* 
orate from their 
surface 


As large particles 
increase, deposi- 
tion on surfaces 
increase. Wet de- 
position of parti- 
cles with the aid of 
humidifier particles 


+ 

Water (particles) 
increase coagula- 
tion by increasing 
the 'particle con- 
tent' 


Drying 


As number of 
water molecules 
decreases, 
nucleation 
weakens 


During drying 
size of particles 
decreases more 
than mass is 
accumulated on 
the particles' 
surface 


+ 

As the air dries, 
water and VOC 
compounds evap- 
orate from the parti- 
cles' surface > new 
nuclei for conden- 
sation 


As large particles 
decrease, deposi- 
tion on surfaces 
decreases 


Drying reduces 
the water- 
(particies) content 
and reduces coag- 
ulation 


Mixing 


+ 

Mixing in- 
creases the 
heterogenic 
nucleation of 
water and grea- 
se vapour 
molecules 


+ 

Effective mixing 
of warm and 
cold air in- 
creases conden- 
sation 


+ 

Mixing increases 
the number of com- 
pounds evaporat- 
ing from the parti- 
cles' surfaces 


+ 

Mixing increases 
the deposition of 
particles on sur- 
faces and de- 
taches particles 
from surfaces 


+ 

Mixing increases 
the coagulation of 
different-size parti- 
cles 


Dilution 


Nucleation 
decreases as 
content drops 
and the volume 
flow increases 


Condensation 
decreases as 
content drops 
and the volume 
flow increases 


+ 

As the volume flow 
increases, evapo- 
ration from the parti- 
cles' surface in- 
creases 


As condensation 
and coagulation 
decrease and 
evaporation in- 
creases particle 
size decreases 
and deposition de- 
creases 


Coagulation de- 
creases as the 
content decreases 
and the volume 
flow increases 


Grease separation 


+ 

Grease and 
water vapour 
increase nucle- 
ation 


+ 

Important when 
removing grea- 
se vapour, me- 
chanical separa- 
tion does not 
succeed with 
the prior art 


Evaporation de- 
creases, as impuri- 
ties continually 
collect on the parti- 
cles' surfaces 


+ 

Some of the grea- 
se particles leave 
the air by striking 
the sides of the 
device 


+ 

When the particles 
collide with each 
other, the grease 
content of the par- 
ticles in the air 
being filtered is 
reduced 



